Progesterone (P 4 ) plays a key role in the establishment and maintenance of pregnancy in most mammals. Unravelling the expression of progesterone-regulated genes can expand the understanding of the embryonic mortality. Accordingly, we studied the relative mRNA expression of the P 4 -regulated genes in the buffalo. Uteri were collected from the abattoir and categorized into nonpregnant late luteal phase, stage I (28-38th days of gestation) and stage II (48-56th days of gestation) of pregnancy (n = 6/group). After extraction of total RNA from the endometrial tissues, we carried out qRT-PCR for determining the relative mRNA expression of the P 4 -regulated genes using nonpregnant late luteal phase as calibrator group. The expression of
| INTRODUC TI ON
The domestic water buffalo (Bubalus bubalis) is an important livestock resource in Asian countries, including India. The incidence of embryonic mortality between day 26 and 40 of gestation is 45% in the Mediterranean buffalo, and half of the cause is owing to low plasma P 4 concentration (Campanile, Neglia, Gasparrini, Galiero, & Prandi, 2005) . In the ewe and cow, progesterone promotes endometrial receptivity through progestomedins (Koji et al., 1994 ) that drive the production of histotroph to support the growth of elongating conceptus which produces the antiluteolytic interferon-tau (IFN-τ) to continue a pregnancy (Norwitz, Schust, & Fisher, 2000) . Studies in the ewe (Gao, Wu, Spencer, Johnson, & Bazer, 2009; Johnson et al., 2001; Song, Spencer, & Bazer, 2006; Spencer, Johnson, Bazer, & Burghardt, 2004) and cow (Bauersachs et al., 2006) 
revealed that galectins (LGALS1, LGALS3BP and
LGALS9), members of solute carrier family proteins (SLC2A1 and SLC5A11), cystatin C (CST3), mucin 1 (MUC1) and cathepsin L (CTSL) were differentially expressed during the late luteal phase of oestrous cycle and early pregnancy.
chemokines that were upregulated in pregnant animals are known to attract immune tolerance promoting leucocytes, including TH2 and NK cells. Galectins modulate the maternal immune system during pregnancy by promoting a TH2 cytokine profile (Joachim et al., 2003) . Extensive studies in the mice revealed that the control of LGALS1 gene is under the influence of oestrogen (E 2 ) and P 4 (Choe et al., 1997) . Treatment with E 2 revealed an increase in the expression of LGALS1; similarly, an antiprogestin reduced LGALS1 expression. In cattle, LGALS1 mRNA expression in the endometrium was higher during oestrus. Glucose, a major nutrient required for the elongation and growth of both conceptus as well as cells of the uterus (Moley, Chi, Knudson, Korsmeyer, & Mueckler, 1998 ) is delivered into the uterine lumen by glucose transporters (Leese & Barton, 1984) , as neither conceptus nor endometrium can carry out gluconeogenesis. Facilitative transporters and sodium-dependent transporters such as solute carriers (SLC2A1) and sodium/glucose cotransporters (SLC5A11), respectively, mediate the transport of glucose across the plasma membrane (Wood & Trayhurn, 2003) . Cathepsin B, H, K, L and S belong to the family of lysosomal cysteine proteinases and take part in a variety of proteolytic processes (Jokimaa, Oksjoki, Kujari, Vuorio, & Anttila, 2001 ). Progesterone induces cathepsin L (CTSL), which is one of the most abundant cathepsin expressed by the endometrial epithelia and conceptus trophectoderm during early pregnancy (Spencer, Sandra, & Wolf, 2008) . Cystatin C (CST3) is a low molecular weight secretory protein that functions as an inhibitor of lysosomal cysteine proteinases, including cathepsins B (CTSB). The CST3 is expressed along with CTSL in the endometrial luminal epithelium (ELE), glandular epithelium (GE) and conceptus during the peri-implantation period of pregnancy (Spencer et al., 2008) . The CST3 gene is a novel P 4 induced and IFN-τ stimulated gene in the ELE of ruminants (Brayman, Thathiah, & Carson, 2004) . A balance of proteases and their inhibitors is likely required to modify the glycocalyx on ELE and trophoblast during apposition and adhesion phases of implantation. The MUC1 gene is a large, transmembrane mucin glycoprotein expressed at the apical surface of the epithelia and is a barrier to microbial infection and enzymatic attack (Dharmaraj, Gendler, & Carson, 2009 ). In the female reproductive tract, MUC1 is associated with embryo implantation control where it provides a barrier between the blastocyst and the epithelial cells of the endometrium (Brayman et al., 2004) . Hence, removal of MUC1 from ELE after the gestation day 15 in the ewe is necessary to expose other glycoproteins involved in adhesion between trophoblast and ELE (Johnson et al., 2001) . According to reports of many researchers, embryonic mortality due to premature luteolysis is a major cause of repeat breeding in the cow and buffaloes. Dynamic alterations in the luteal perfusion due to PGF 2α leads to luteolysis and dramatic reduction in the circulating P 4 in the cow. Reduced P 4 concentration contributes to 50% embryonic loss in buffaloes (Jerome, & Srivastava, 2012) . Recently, we have also conducted a comparative study on mRNA expression of genes related to prostaglandin (PG) synthesis, transport and effector pathways during different reproductive stages in buffalo (Verma et al., 2018) . Based on the above facts, we studied the differential expression of P 4 -regulated genes such as LGALS1, LGALS3BP,
LGALS9, SLC2A1, SLC5A11, CTSL, MUC1 and CST3 during day 28-56 of gestation in the buffalo.
| MATERIAL S AND ME THODS

| Sample collection
Female buffalo reproductive tracts were procured from the local abattoir of Bareilly, Uttar Pradesh, India, and dispatched to the laboratory in sterile containers along with ice immediately (within 2 h after slaughter). The work was approved by the Institute Animal Ethics committee (IAEC). The different stages were defined by macroscopic observation of the ovaries (colour, consistency, CL stage, number and size of follicles) and the uterus (colour, consistency and mucus).
Externally, uterus consistency, colour, vascularization and the thickness of blood vessels at the lesser curvature were examined for any gross abnormality. After screening about 50 genetalia, 18 were selected comprising non-gravid uterus in the late luteal phase (n=6) and gravid uterus within 60 days of pregnancy (n=12). Nonpregnant uterine tissues of luteal phase were selected for the study by observing the presence of corpus luteum on any of the ovary. The day of the oestrous cycle was determined by observing the structure and measuring the weight of the corpus luteum (Fields & Fields, 1996) .
Gravid uteri (n=6/stage) were divided into pregnancy stage I (gestation window 28-38) and stage II (gestation window 48-56) based on the crown-rump length of the fetus (Evans & Sack, 1973; Rind, Brohi, & Rind, 2000) .
| Determination of mRNA expression in endometrial samples
| Tissue collection
Uteri were dissected out longitudinally for tissue collection, and intercaruncular endometrial tissues from cyclic animals were scraped with a RNase-free glass slide. The uterine samples were washed three times with HBSS in different trays, and corpus luteum containing ipsilateral horn was opened longitudinally on its greater curvature. However, for gravid uteri, the foetus along with whole foetal membranes was carefully removed and the intercaruncular endometrial tissues were collected and stored in RNAlater TM at −20°C.
| Total RNA isolation and first-strand cDNA synthesis
Total RNA was isolated from the endometrium using the RNeasy Plus Mini Kit ( 
| Primer selected for qRT-PCR and optimization of PCR
Eight sets of gene-specific primers were designed (Table 1) 
| mRNA expression using qRT-PCR
| Analysis of qRT-PCR data
PCR efficiency was calculated from the log-linear portion of the standard curves obtained by serial dilution of cDNA (1:10). Data were also corrected for efficiencies (ranging from 87% to 96%) for each primer, followed by normalization for expression of target genes to that of the reference gene. Three technical cDNA replicates were averaged and relative quantities were calculated compared to the control group. Before statistical analysis, the 2 −ΔΔC T 
TA B L E 1 Primer sequences used for qRT-PCR
| RE SULTS
| Relative expression profiling of galectins
No significant difference could be laid out between the expression of
LGALS1 gene in the samples from both the pregnancy stages (stage I and II) as compared to the nonpregnant stage. We have also submitted the sequence to NCBI GenBank database, which assigned the accession number KU936089 for the above-said gene. We observed the log 2 fold change as −2.05 (fold change of 0.24) in pregnancy stage I and −1.27 (fold change of 0.41) in pregnancy stage II (Figure 1a) .
Whereas,
LGALS3BP gene (accession number KU936086) was found to be upregulated in pregnancy as compared to non-pregnancy, with a log 2 fold change of 3.14 (fold change of 8.81) in the pregnancy stage 
| Relative expression profiling of SLC2A1 and SLC5A11 genes
SLC2A1 gene was upregulated in pregnancy stages I and II with a 6.29 log 2 fold change (fold change of 78.24) and 1.34 log 2 fold nonsignificant difference (fold change of 2.53), respectively. Accession number KU936087 was assigned by the NCBI GenBank database.
The pregnancy stage I showed highly significant (p < 0.01) difference as compared to the nonpregnant stage. However, there was significant (p < 0.05) log 2 fold difference between pregnancy stage I and II (Figure 1d ). The mRNA expression analysis of SLC5A11 gene indicated upregulation in pregnancy stage I as compared to nonpregnant with 5.23 log 2 fold (fold change of 37.53), which confirmed significant (p < 0.05) difference. In pregnancy stage II, the difference was nonsignificant with 1.06 log 2 fold change (fold change of 2.08) in comparison with the nonpregnant stage. In parallel, highly significant (p < 0.01) log 2 fold difference was observed between stage I and II of pregnancy (Figure 1e ).
| Relative expression profiling of CTSL gene
The mRNA expression pattern analysis of CTSL gene revealed 0.68 log 2 fold change (fold change of 1.6) in pregnancy stage I and 1.23 log 2 fold change (fold change of 2.34) in pregnancy stage II as compared to the nonpregnant stage. Simultaneously, the difference was reported to be nonsignificant, when the expression in nonpregnant stages was compared with both the stages of pregnancy (Figure 1f ).
| Relative expression profiling of MUC1 and CST3 genes
MUC1 gene showed significant downregulation (p < 0.01) with −2.84 (fold change of 0.14) in pregnancy stage I (<38 days) and nonsignificant with −2.06 (fold change of 0.24) log 2 fold change in pregnancy stage II (>48 days), as compared to nonpregnant stage (Figure 1g ).
However, CST3 gene (assigned accession number KU936088) was found to be nonsignificant with 1.33 log 2 fold difference (fold change 2.51) in pregnancy stage I and significant log 2 fold difference with 3.20 (fold change of 9.22) (p < 0.01) in pregnancy stage II (Figure 1h ). Moreover, no significant difference could be established between both the pregnant stages.
| D ISCUSS I ON
Steroid hormone P 4 plays an important role in the reproductive events and is associated with establishment and maintenance of pregnancy (Lonergan & Forde, 2014) . These authors observed the direct action of P 4 on the endometrium for enhancement of uterine receptivity to facilitate embryo implantation in cattle. The hormonal (P 4 ) regulation of endometrial gene expression leads to changes in the composition of histotroph, required for posthatching conceptus survival and growth (Spencer et al., 2008) . Some of the genes, which are regulated by P 4 in the endometrium of ruminants, include galectins (LGALS1, LGALS3BP and LGALS9), cathepsin L (CTSL), cystatin C (CST3), SLC5A11 and SLC2A1, and have major impact on the maintenance of the pregnancy (Brooks, Burns, & Spencer, 2014; Gray et al., 2006) . Similar knowledge on the interconnected biological and genetic mechanisms in early pregnancy is scarce in buffaloes. P 4 -regulated genes may have role not only in establishment of pregnancy, which has relevance in window of maternal recognition, but also maintenance of pregnancy at later stages as well. This is because of the increased plasma progesterone concentration up to late stage of pregnancy (Eissa, Ei-Belely, Ghoneim, & Ezzo, 1995) . Therefore, although the maternal recognition of pregnancy in bovines occurs much earlier (16-19 days) than the stage I and stage II of our study,
we have tried to integrate the noble information on the expression of P 4 -regulated genes and their possible biological role during the later stages (stage I and II) of pregnancy as it is the period of placentation and organogenesis.
In our study, mRNA expression of LGALS1 gene was nonsignificant. The expression profile of LGALS1 during pregnancy is comparable with the findings of Okumu et al. (2010) who reported that pregnancy has little effect on the expression of LGALS1 gene.
Mitko et al. (2008) have reported that
LGALS1 mRNA expression in the endometrium is highest at oestrus in cattle. Rabinovich (1999) and Shimizu et al. (2008) reported that LGALS9 mediates cell adhesion and chemotaxis, which regulates leucocytes within the endometrium. According to our study, LGALS9 gene was significantly The SLC5A11 gene is involved in sodium-dependent glucose transport, which is necessary for transportation of glucose against electrochemical gradients, for example, from endometrium into the uterine lumen (Gardner, Lane, Calderon, & Leeton, 1996) . The CTSL gene belongs to a family of lysosomal proteinases which is active in an acidic environment. They have the ability to degrade the ECM molecules, including collagens, laminin, fibronectin and proteoglycans (Zhou, Zhang, Li, & Cai, 2015) . These are also involved in the catabolism of intracellular proteins and prohormone processing. In the present study, no significant change was observed in the mRNA expression of this gene in both stages of pregnancy as compared to the nonpregnant stage. CTSL mRNA was reported to be upregulated during early pregnancy in association with conceptus elongation and implantation in ewes (Perucatti et al., 2006) . In the female reproductive tract, this gene has been associated with embryo implantation control, where it is thought to provide a barrier between the blastocyst and the epithelial cells of the endometrium (Brayman et al., 2004) . The removal of MUC1 from the ELE after the 15th day of pregnancy in ruminants is necessary to expose other glycoproteins involved in adhesion between trophoblast and ELE (Johnson et al., 2001) . The increased concentration of P 4 in pregnancy downregulates the expression of this gene. Decreased MUC1 expression in the uterine epithelium is required for blastocyst attachment (Campanile et al., 2010) . The decline in P 4 from day 10 is associated with embryonic mortality, which is likely to result in continued MUC1 expression and prevention of normal implantation processes. Thus, decreasing expression of this gene may be important for the early pregnancy in buffaloes. In humans, in vitro implantation models indicate that MUC1 is lost at the site of embryo attachment (Chervenak & Illsley, 2000) . The mRNA expression of this gene is significantly greater for cows with metritis and clinical endometritis as compared with cows with no uterine inflammation (Kasimanickam, Kasimanickam, & Kastelic, 2014) . Thus, downregulation of this gene in the uterine environment of buffaloes suggests its possible role in early pregnancy.
CST3 is a low molecular weight secretory protein that acts as an inhibitor of lysosomal cysteine proteinases, including CTSB and CTSL (Hall, Hakansson, Mason, Grubb, & Abrahamson, 1995) . In our study, the expression of this gene was observed to be significantly higher in pregnancy stage II. CST3 mRNA is low on day 10 and increased about 130-fold from day 10 to day 20 of pregnancy in ewes (Song et al., 2006) , which plays an important role in implantation and pla-
centation. An increase in expression of CST3 gene during pregnancy stage II may be due to its role in inhibition of CTSL and CTSB genes, which are extracellular degrading enzymes and are reported to be downregulated in pregnancy stage II.
Several studies in different species reported that the P 4 -regulated genes such as LGALS1, LGALS9, LGALS3BP, MUC1, CTSL, CST3, SLC5A11 and SLC2A1 are involved in the maintenance of pregnancy.
This is the first study in buffaloes, where we have elucidated the expression profile of these genes during different stages of pregnancy. The basic information generated in our study will present the way forward on specific pathways involved in understanding the foeto-maternal communication during early pregnancy of buffaloes.
However, inability to gather sufficient information from the abattoir on the age, parity and systemic health status of the buffaloes limits the scope of the study. Nevertheless, further studies are needed to be carried out on the global genes expression profiling in different reproductive stages to understand the gene network pathway involved during the pregnancy.
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